Herpetosiphon gulosus sp. nov., a filamentous predatory bacterium isolated from sandy soil and Herpetosiphon giganteus sp. nov., nom. rev. 
Herpetosiphon is the type genus of the family Herpetosiphonaceae and was first described in 1968 [1] . Phylogenetic studies established its taxonomic position in the green nonsulfur bacteria [2] , which later became the phylum Chloroflexi [3] . At the time of writing, there are only two species in the genus Herpetosiphon with validly published names: Herpetosiphon aurantiacus and Herpetosiphon geysericola isolated from soil, freshwater, and decaying organic matter [4] [5] [6] . They are aerobic chemoheterotrophs, and glide over solid surfaces [3] . A consistent feature not only of Herpetosiphon spp., but also of other members of the Chloroflexi is their unusual cell wall composition. These bacteria stain Gram-negative, but lack a lipopolysaccharide-containing outer membrane. Furthermore, their peptidoglycan complex contains L-ornithine as the diamino acid instead of the more common meso-diaminopimelic acid [7] .
Several strains of species of the genus Herpetosiphon have been reported to feed on other bacteria [8, 9] , but it is unclear whether predatory behavior is a common trait in this genus. For the killing of other microbes, Herpetosiphon spp. are assumed to resort to a wolf pack strategy, in which a large number of predatory cells congregate in order to lyse the prey by the combined secretion of hydrolytic enzymes [10] . Recent studies suggest further that strains of species of the genus Herpetosiphon are competent producers of bioactive secondary metabolites [11] [12] [13] [14] [15] . The biosynthetic potential of the genus is supported by genomic analyses of H. aurantiacus and H. geysericola [16, 17] . It has even been speculated that a correlation between predation and antibiotic biosynthesis might exist, as previously demonstrated for myxobacteria [18] [19] [20] . This would make the genus Herpetosiphon an interesting resource for drug discovery.
A large collection of about 460 Herpetosiphon and Herpetosiphon-like strains is currently available at the German Collection of Microorganisms and Cell Cultures (DSMZ), but only few representatives of this collection have been assigned down to the species level [4] . Considering the lack of studies in the field, as well as the possible biotechnological potential of these bacteria, we decided to investigate the taxonomic standing of three, as-yet, unassigned strains of species of the genus Herpetosiphon from the DSMZ collection. Strain Hp g11 (DSM 52868) had been isolated from a forest soil collected near Wolfenbuettel, Germany. Strain Hp g471 (DSM 52870) originated from a soil sample taken in San Diego, USA, whereas strain Hp g472 (DSM 52871) had been isolated from a sandy soil sample collected from the beach of Poel island, Germany. Furthermore, we included strain Hp a2 (DSM 589) in our study. This bacterium, which had been retrieved from a Nepalese soil sample, had originally been classified as 'Herpetosiphon giganteus'. The assignment was made together with the proposal to abandon the species epithet aurantiacus in favor of giganteus [21] . Later, the strain was designated as Herpetosiphon aurantiacus Hp a2 [22] . To our knowledge, however, strain Hp a2 has never been subjected to a phylogenetic or chemotaxonomic analysis. It was hence unclear whether 'H. giganteus' and H. aurantiacus actually represented the same species. Cell morphology was examined after growth on CY agar using a Zeiss AxioImager microscope. For scanning electron microscopy, cells from a 7-day-old submers culture were fixed with 0.5 % (w/ v) glutaraldehyde, washed and dehydrated using increasing concentrations of ethanol. After sputter coating with goldpalladium, the cells were examined with a Zeiss model 962 scanning electron microscope. The composition of cellular fatty acids was determined according to Sasser [23] and Cole et al. [24] . Menaquinones were extracted as described by Collins et al. [25] and analysed by HPLC. Enzyme activities were determined using conventional test panels, including API 50 CH, API ZYM and API 20 NE. For this, the strains of species of the genus Herpetosiphon were grown in modified Pol medium at 30 C for 7 days. Effects of pH, temperature and NaCl concentration were assessed using VY/2 agar cultures. Each test was run in triplicate and the outcome was evaluated after incubation for 7 days. To determine the pH range for growth, the medium had been adjusted to pH 4.0-9.0 and incubation was conducted at 30
C DSM 43334) were spotted as suspensions (500 µl, 10 8 cells ml À1 ) on TPM agar plates (10 mM Tris-HCl, 1 mM KH 2 PO 4 , 8 mM MgSO 4 , 1.5 % (w/v) agar, pH 7.6). Subsequently, the prey-covered plates were individually inoculated with the different strains of species of the genus Herpetosiphon following the procedure described by Seccareccia et al. [26] . A prey-free agar plate served as a control. Every experiment was repeated three times. The diameter of the swarm was measured on days 1 and 7.
For nucleic acid studies, genomic DNA was isolated following cell lysis using lysozyme [27] . The DNA was purified from the resulting crude lysate via column chromatography on hydroxyapatite [28] . The DNA G+C content was determined by HPLC after digestion with nuclease P 1 [29] . DNA-DNA hybridization experiments were performed in duplicate using the methods of De Ley et al. [30] and Huss et al. [31] . The nearly full-length 16S rRNA gene sequences of the four strains were obtained after PCR amplification using primers 27 f and 1492 r [32] . All PCR products were purified with a QIAquick PCR purification kit (Qiagen) prior to sequencing. For phylogenetic analysis, the 16S rRNA gene sequences of the type strains H. aurantiacus DSM 785 and H. geysericola DSM 7119 were retrieved from GenBank. Furthermore, representatives of the closely related genera Chloroflexus, Oscillochloris, Roseiflexus, Kallotenue, 'Thermobaculum', Thermogemmatispora, Thermomicrobium and Sphaerobacter were included in the analysis. The 16S rRNA sequence of Chlorobium phaeovibrioides
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T was used as the outgroup. Sequences were aligned by using CLUSTAL X [33] . The 16S rRNA gene-based tree (Fig. 1) was reconstructed with the MEGA7 program package [34] . To estimate the confidence of the tree topologies, bootstrap-resampling analysis with 1000 replicates was performed for neighbour-joining [35] , maximum-likelihood [36] and maximum-parsimony methods [37] . Pairwise sequence similarities were determined using the Calculate Matrix function of ARB software with Jukes and Cantor correction [38, 39] . The DNA G+C content of strains Hp g472 and Hp a2 was 49.9 mol% and 52.6 mol%, respectively. Both values are consistent with those observed for species of the genus Herpetosiphon [4] . The morphological features of Hp a2 and Hp g472 were also in accordance with their classification as members of the genus Herpetosiphon. Both bacteria formed unbranched filaments with a diameter ranging from 0.7 to 1.2 µm (Fig. 2 ). Filaments were flexible and often more than 100 µm in length. Characteristic translucent segments were frequently observed at the ends of the filaments. Temperature and pH requirements for growth were consistent among all strains of species of the genus Herpetosiphon. In contrast, the extent of halotolerance varied. While H. geysericola did not even grow at the lowest NaCl concentration tested (1 %), the other strains tolerated up to 3 % (w/v) NaCl. The carbohydrate fermentation patterns of the strains were largely identical, except for the utilization of N-acetylglucosamine, which was a distinctive feature of H. aurantiacus. On the other hand, Hp g472 and Hp a2 could be easily distinguished from each other and the two type strains by their unique profiles of enzymic activities, which are summarized in Table 1 .
Comparison of 16S
The major fatty acids of strain Hp g472 were C 18 : 1 (49.8 %), C 16 : 1 (20.5 %) and C 16 : 0 (16.7 %). For H. giganteus Hp a2, fatty acid analysis revealed the same principal components, albeit with slight differences in the respective content: C 18 : 1 (34.8 %), C 16 : 1 (13.4 %), and C 16 : 0 (10.9 %). The predominance of straight-chain fatty acids in Herpetosiphon spp. has previously been reported [4] . The predominant menaquinone of both strains was MK-10. Furthermore, strain Hp a2 exhibited minor amounts of MK-9 (MK-10: MK-9=81 : 11), while strain Hp g472 contained small amounts of MK-9, as well as MK-6 (MK-10: MK-9: MK-6=81 : 13 : 4).
The swarming of the different strains of species of the genus Herpetosiphon on lawns of living bacteria also involved the lysis of the latter. From this obervation, it was concluded that all strains of species of the genus Herpetosiphon tested were capable of predation. Interestingly, the swarming rates differed considerably among the four strains (Fig. 3) . When averaged across all prey, strain Hp g472 showed the strongest predatory swarming, followed by H. geysericola DSM 7119 T , strain Hp a2 and H. aurantiacus DSM 785 T . Similar to reports from other predatory bacteria [26, 40] , the strains of species of the genus Herpetosiphon also displayed unique prey preferences. Thus, strain Hp g472 swarmed faster on E. coli than on the other prey bacteria. In contrast, strain Hp a2 showed its largest swarm expansion on B. subtilis. Contrary to the report of Quinn and Skerman [9] , we also observed feeding of members of the genus Herpetosiphon on E. coli. A possible explanation for this apparent inconsistency is the absence of organic nutrients other than living prey bacteria in the TPM agar used in this study, while the assay medium used by Quinn and Skerman contained low concentrations of peptone and yeast extract [9] .
In summary, the 16S rRNA-derived phylogenetic grouping confirmed that strains Hp g 472 and Hp a2 are members of the genus Herpetosiphon. Due to the high 16S rRNA sequence homology with closely related strains, however, DNA-DNA hybridization experiments were necessary to resolve the species status of the two strains. These analyses indicate that both strains should be assigned to distinct species. Several phenotypic characteristics, including the predatory performance, support a distinctiveness from the two species of the genus Herpetosiphon. Consolidating the genotypic and phenotypic data, we propose that strain Hp g472 represents a novel species of the genus of Herpetosiphon, for which the name Herpetosiphon gulosus sp. nov. is proposed. Based on a review of the literature and new data obtained in this study, the name Herpetosiphon giganteus (sp. nov., nom. rev.) is revived for strain Hp a2. Production of acid from: Characteristics are as described by Reichenbach and Golecki [21] with the following emendation. Growth occurs under aerobic conditions at 20-37 C and pH 6-9. Tolerates up to 3 % (w/v) NaCl. Cells can utilize L-arabinose, starch, sucrose, galactose, L-rhamnose, glycerol, raffinose, glucose, maltose, D-xylose, fructose, trehalose, lactose and mannitol as the sole carbon sources for energy. Acid is produced from aesculin. Cells exhibit predatory activity in the absence of alternative nutrient sources. Cells are resistant to penicillin G, kanamycin, polymyxin B, methicillin, nystatin, carbenicillin and lincomycin. Cellular fatty acids are mainly composed of C 18 : 1 , C 16 : 0 and C 16 : 1 . The major quinone is MK-10. The DNA G+C content is 52.6 mol%.
The type strain is Hp a2 T (=DSM 589 T =NBRC 112828 T ), isolated from a Nepalese soil sample.
DESCRIPTION OF HERPETOSIPHON GULOSUS SP. NOV.
Herpetosiphon gulosus (gu.lo¢ sus. L. masc. adj. gulosus gluttonous, pertaining to the strong predatory activity of the type strain).
Gram-stain-negative bacterium forms unbranched, multicellular filaments of varying length with a diameter of 0.7-1.2 µm. Growth occurs under aerobic conditions at 20-37 C, pH 6-9 and a maximum NaCl concentration of 2 % (w/v). Utilizes L-arabinose, starch, sucrose, galactose, Lrhamnose, glycerol, raffinose, glucose, maltose, D-xylose, fructose, trehalose, lactose and mannitol as the sole carbon sources for energy. Acid is produced from glycogen and aesculin. Cells exhibit strong predatory activity in the absence of alternative nutrient sources. Cells are resistant to penicillin G, kanamycin, polymyxin B, methicillin, nystatin, carbenicillin, tetracyclin, nalidixic acid, lincomycin, sulfonamide and cefoxitin. The major cellular fatty acids are C 18 : 1 , C 16 : 0 and C 16 : 1 . The predominant menaquinone is MK-10. The DNA G+C content is 49.9 %.
The type strain is Hp g472 T (=DSM 52871 T =NBRC 112829 T ), isolated from sand and plant residues collected from the beach of Poel island, Germany.
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